The effects of feeding five natural norditerpene dilactones (hallactone A, podolactones A, C, and E, and sellowin A) to housefly larvae (Musca domestica L.) reared on a defined diet were determined. Podolactone E was the most active compound, completely suppressing development at 5 p.p.m. Podolactone A was the least active compound. The lactones were not active when applied topically at the rate of 5 flg per insect to 3-4-day-old larvae or to 2-3-day-old adults.
I. INTRODUCTION
In Part I of this series Russell et al. (1972) described the isolation of the norditerpene dilactone, nagilactone C (I), from the foliage of Podocarpus nivalis Hooker and P. hallii Kirk, and reported its effects on development of the housefly (Musca domestica L.). When pure nagilactone C was incorporated into a defined diet at a concentration of 50 p.p.m., complete mortality of the larvae resulted; at lower concentrations larval growth, pupal maturation, and adult emergence were adversely affected. Nagilactone C was not toxic to larvae or adults when applied topically.
In view of the results obtained for nagilactone C, we have now tested five more of these novel lactones on housefly larvae. These compounds are all naturally occurring norditerpene dilactones but differ from nagilactone C in oxidation level and substitution pattern. The effect on housefly larvae of these materials is the subject of this paper.
II. MATERIALS AND METHODS

(a) Lactones
Hallactone A (2).-The mother liquors remaining after the isolation of nagilactone C from P. hallii (Russell et al. 1972) were chromatographed on silicic acid (50 g, 5% water, Clarkson Chemical Co.) with chloroform--ethanol (95: 5) to give hallactone A, m.p. 266-268°C (Found: C, 65· 81; H, 6' 53 %. C19H220S requires C, 66· 0; H, 6· 36%). The structural determination has been reported elsewhere (Russell et al. 1973 ). Sci., 1972 Sci., ,25, 1025 t Entomology Division, D.S.I.R., Auckland, N.Z.
Podolactones A (3), C(4), and E(6).-The materials were the gift of Dr. D. H.-S. Horn (Division of Applied Chemistry, CSIRO, Melbourne, Vic.), having been isolated from the bark of P. neriifolius (Galbraith et al. 1970 (Galbraith et al. , 1971 (Galbraith et al. , 1972 .
Sellowin A (5).-A sample of this compound was obtained from Professor R. C. Cambie (Chemistry Dept., University of Auckland, Auckland, N.Z.) and was isolated by him from the heartwood of P. hallii (Cambie et al. 1963) . Its identification will be reported elsewhere.
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The methods used for rearing housefly larvae under aseptic conditions, preparing the diet, and evaluating the effects of compounds incorporated into the diet were carried out as described previously (Russell et al. 1972) . The composition of the diet used was basically that of Monroe (1962) . The lactones were dissolved at the appropriate concentration in chloroformmethanol (1 : 1 v/v). Three or four concentrations of each lactone were tested and compared with a control containing 1 % solvent only. Three replicates, each of 25 test tubes containing 1 ml of defined diet, were used in each test.
A single neonate sterile housefly larva was added to each tube and reared at 25 ± 1°C for 10 days in darkness. Daily records were taken of larval survival and stage of development. After the 10th day, surviving larvae were removed from the tubes and placed in Perlite (N.Z. Perlite Ltd., P.O. Box 15004, Auckland, N.Z.) for pupation and emergence. Pupae were weighed on the 12th day. Mortality of larvae during the first 24 hr was assigned to handling and not considered in the final calculations. Similarly, contaminated tubes were discarded.
(c) Topical Treatments
Solutions of podolactones A and E and hallactone A in chloroform-methanol (1 : 1 v/v) were applied topically (1 Ill) to 3-day-old housefly larvae at a dose of 5·0 Ilg/larva. Treated larvae (50 at each dose level) were held for 24 hr at 25 ± 1 DC and 60-70% R.H. before assessment.
Adult houseflies (2-3-day-old, 50 of each sex) were treated in a similar manner and held under the same conditions but with continual illumination and provision of dilute sucrose solution. * All results are averages for three replicates of 25 larvae except those for sellowin A, which are based on one replication of 25 larvae.
t Time in days for 50% of larvae to reach second and third instar.
::s t Corrected according to Abbott's (1925) formula.
at. (1972) .
III. RESULTS AND DISCUSSION
The effects of the natural norditerpene dilactones (1-6) in a defined diet on housefly larval development, pupation, emergence, and mortality are given in Table 1 . For comparison, the previously reported effects of nagilactone C (Russell et al. 1972) are included in the table.
Three lactones, hallactone A and podolactones C and E, showed a greater activity than the previously tested nagilactone C. Podolactone E was most active. It caused almost complete suppression of larval development at a concentration of 5 p.p.m. Hallactone A reached this activity at 20 p.p.m. and podolactone C at 25 p.p.m., whereas this activity was reached with nagilactone C only at 50 p.p.m. At lower concentrations the toxicity of these three lactones was reflected in the production of considerably smaller pupae than the control which gave rise to a reduction in adult emergence and size. Podolactone A and sellowin A gave no appreciable mortality of larvae at 50 and 25 p.p.m. respectively.
The main chemical differences between podolactone A and sellowin A on one hand and nagilactone C, hallactone A, and podolactone E on the other, are the hydroxylation of the side-chain moiety and the presence of a 7,8-cc-epoxide ring in the former two compounds and the presence of a 3,B-OH group and the extended conjugation of the 8-lactone group in the latter compounds. The side-chain hydroxylation together with a 7-oxy function may allow easier detoxification of the former materials. The exception to this observation is seen in podolactone C, but in this case the novel sulphoxide moiety may contribute to its activity.
Podolactones A and E and hallactone A were also tested by topical application to larvae and adults but no mortality resulted. This shows that these compounds do not have contact toxicity at 5 fLg per insect. It appears that they are either toxic by oral ingestion or are antifeedants. This aspect is under further investigation.
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